Background: Idiopathic toe-walking (ITW) is a condition in which otherwise healthy children walk on their toes. The diagnosis is a diagnosis of exclusion. The aim of this study was to elucidate the occurrence of neuropsychiatric symptoms among 5-to 13-year-old children with ITW. Methods: Fifty-one consecutive children (31 boys, 20 girls) with a mean age of 9 years and 1 month were referred to a pediatric orthopaedic unit for ITW. Evaluations included assessments by a pediatric orthopaedic surgeon and a pediatric neurologist and the parents were asked to complete the Five to Fifteen questionnaire, a validated screening tool for neuropsychiatric problems. The study cohort was compared with an age-matched normative group previously described. Results: In the study group, the percentage of children scoring above the 90th percentile, indicating difficulties, were for the different domains; motor skills 39.0%, executive functions 17.6%, perception 25.5%, memory 23.5%, language 23.5%, learning 25.9%, social skills 25.5%, and emotional/behavioural problems 21.6%. Conclusions: Children with ITW as a group displayed more neuropsychiatric problems than a normative group of agematched children. These findings merit future larger studies. Furthermore, when children with ITW are referred for orthopaedic or neurological assessment, a structured neuropsychiatric history is advisable and further neuropsychiatric investigations should be considered. Level of Evidence: II
C
hildren with a seemingly typical development and who are walking on their toes were first described by Hall in 1967. 1 Hall's patients with a mean age of 7.5 years all had a contracture of the Achilles tendon and the cause was thought to be congenital. Since Hall's publication many articles have been published about different aspects of the toe-walking child. We have learnt that many of the children who toe-walk only have a mild contracture of the tendo Achilles or no contracture at all. 2 Thus, the term idiopathic toe-walking (ITW) or the synonymous Habitual toe-walking is mostly used today. It is probably more appropriate to define a child who presents before 2 to 3 years of age with toe-walking and contracture of the tendo Achilles as having congenital short tendo Achilles and children presenting without a contracture as having ITW. However, many children are first seen by an orthopaedic surgeon when they are between 5 to 10 years of age, and at that time it is often impossible to establish if a contracture of the tendo Achilles is congenital or secondary to prolonged toe-walking.
The definition of ITW in this study was; a condition in which the child walks at least 25% of the time (parents perception) on his/her toes and has done so for at least 3 months, and in which no other pathology can be found which explains the toe-walking. Further, the child should not have a known congenital contracture of the Achilles tendon.
Is toe-walking then just a peculiar walking pattern or could it be associated with other personality traits or other symptoms?
Children with ITW have been reported to have an increased prevalence of various developmental delays. Shulman et al 3 reported on 13 children with ITW in which 10/13 had speech/language delays, 4/12 fine motor delays, 4/10 "visuomotor" delays, and 3/11 gross motor delays. In another study including 163 children seen at "well-child visits" and in which ITW was defined as "toe-walking during at least 1 month or at the examination," the observed prevalence of ITW was 24%. 4 The children with ITW (n = 39) had a consistently lower mean language quotient compared with children who were not toe-walkers (n = 127). The specificity of toe-walking for low language scores was 85% but the sensitivity only 32%. At a tertiarylevel clinic, 799 children with developmental delays were studied, of whom 224 were toe-walkers. 5 In this group the prevalence of toe-walking was 63% in the children with autism, 40% in the children with "communication disorder," 36% in the children with mental retardation, and 20% in the children with learning disabilities. 5 Among clinicians working with children with pediatric neuropsychiatric disorders [such as attentiondeficit/hyperactivity disorder (ADHD), autism spectrum disorder (ASD), tics, Tourette, and obsessive compulsive disorder] there is a general impression that children with ADHD more often are toe-walkers than children with age appropriate behaviour. There are however to the best of our knowledge no scientific studies exploring this correlation.
The parent questionnaire "Five to Fifteen" (FTF) was developed to screen for neuropsychiatric symptoms in children 5 to 15 years of age. 6 The questionnaire was designed to tap into the problems and strengths most commonly encountered in children and young adolescents presenting with ADHD, tics, and/or high-functioning autism spectrum symptoms. The questionnaire has been validated in several studies. [6] [7] [8] We aimed to test our hypothesis and clinical impression that children with ITW have more neuropsychiatric symptoms than a normative sample of children. We applied the FTF questionnaire to children with ITW referred to our institution and compared the extent of neuropsychiatric symptoms to those of the normative (norm) group of the questionnaire.
METHODS
A consecutive series of 52 children referred for ITW to the pediatric orthopaedic clinic at Astrid Lindgren Children's Hospital were, after examination by a paediatric orthopaedic surgeon, considered for study participation. As the children were also included in a treatment study, patient exclusion criteria were previous ITW treatment such as Achilles tendon surgery, casting, orthotics, and botulinum toxin A treatment. Fifty-one children (31 boys, 20 girls) with a median age of 9.3 years (range, 4 y and 3 months to 14 y and 3 months) met the criteria and were invited to participate in the study. The parents of all 51 children in the study reported that their child had a history of toe-walking for 1 year or more. Thirty of the children (61%) had one or more relatives that were or had been ITW. In 47% of the cases a firstdegree relative was/had been ITW. The remainders had more distant relatives, such as an uncle, a grandparent, or a cousin that was/had been ITW. Two children were adopted. Two children were diagnosed with ADHD and 3 were under investigation for ADHD, 1 child was under investigation for dyslexia. None of the children had or were under investigation for an ASD or intellectual disability.
A paediatric neurologist with a specific knowledge of and training in neuropsychiatric disorders examined all children. The neurological examination included evaluation of: muscle tone, plantar reflex, deep tendon reflexes, gross and fine motor function, and cerebellar function and confirmed no underlying neurological or muscular pathology for the children included in the study. In addition, at this time a neuropsychiatric history was taken that included cognitive development, speech and language development, behavioural and/or social interaction problems or difficulties. The parents then received the FTF questionnaire and were instructed to fill out the form at home, if possible together with the other parent and return it by surface mail.
The FTF is comprised of 181 statements related to behavioural or developmental problems that can be endorsed, as either does not apply (0), applies sometimes or to some extent (1), and definitely applies (2) . The statements are arranged into 8 different domains, which can be further split into 22 subdomains (Table 1) .
For each domain/subdomain, a mean score ranging from 0 to 2 can be calculated, with higher scores implying more problems. The studied child/children can be compared with normative data, based on a study of 769 five-year-old children 9 and on 1 study of 854 six-to 15-year-old children. 6 The latter group was divided into 3 age groups, 6 to 8 years, 9 to 12 years, and 13 to 15 years. The mean, median, 90th percentile, and 98th percentile for the domains/subdomains of the norm group are stated in the manual for the questionnaire. As it is much more common that the parents score 0 than 1or 2 in the different domains, the results do not display a normal distribution. Thus, it is more appropriate to compare medians than means in the statistical analysis. As a consequence Figure 1 should be interpreted with caution although it illustrates that the mean for all domains is higher in the study group compared with the norm group.
Reported prevalences for ADHD, developmental coordination disorder, and language disorders are 5% to 7%. [10] [11] [12] [13] [14] This is used in the construct of the FTF questionnaire. The 90th percentile is used as a cutoff for clinically apparent problems and the 98th percentile as a cutoff for major clinical problems.
Parents of children who met the criteria established before study commencement were given oral and written information and consented to participate in the study. The Ethics committee at the Karolinska University Hospital approved the study.
Statistical Analysis
Medians of the domains and subdomains were computed. The approximate 90% and 98% confidence interval for the median in the study group was calculated.
A significant difference of the median in the study and norm group was considered when the median for the norm group was not within the confidence interval of the median for the study group.
The effect of sex on subdomain scores was tested with Mann-Whitney U test.
RESULTS
All parents completed the FTF form. There were nine 5-year-old, fifteen 6-to 8-year-old, twenty-one 9-to 12-year-old, and six 13-to 15-year-old children. A higher percentage of children in the study group scored above the 90th percentile in all 8 domains compared with the norm group, indicating difficulties in the whole spectrum of abilities (motor skills, executive functions, perception, memory, language, learning, social skills, emotional/behavioural). In 5 domains (motor skills, executive functions, memory, language, learning) a higher percentage of children in the study group compared with the norm group scored above the 98th percentile, indicating considerable difficulties. The percentage and numbers of children scoring at or above the 90th and 98th percentile for each domain are outlined in Table 2 . Figure 1 displays that the mean for all domains was higher in the study group compared with the norm group, indicating more neuropsychiatric problems in the study group.
On subdomain level, significantly more problems in the study group could only be seen in the largest age group (9 to 12 y) in the subdomains gross motor skills and general learning. The same group of children (study group, 9 to 12 y) approached significance for problems in the hyperactive, impulsive, and coping in learning subdomains. In Table 3 the median for all subdomains are presented for the (9 to 12 y) norm group and the (9 to 12 y) study group.
There was no significant difference in the scores between boys and girls.
DISCUSSION
The major finding of this study was that children with ITW, as a group, displayed more neuropsychiatric problems than a norm group of age-matched children. It is noteworthy that problems were described in almost 25% of the children in all aspects of behavioural or FIGURE 1. Mean domain score for study and normative groups.
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Neuropsychiatric Symptoms Among Children With ITW developmental issues, assessed through the FTF. There were more boys than girls (30 vs. 21) in this study and several studies have reported that boys are overrepresented when it comes to neuropsychiatric problems. 6 This may contribute to our results, but only to a minor extent as no effect of sex on subdomain scores could be seen in our material.
The clinical impression and hypothesis we had, that children with ITW have more neuropsychiatric problems, thus seems to be valid. Why is it so? One can only speculate, as the cause of ITW is unknown. One theory that has been put forward is that toe-walking is due to a sensory processing dysfunction. This complex conceptual model is explained as "the neurological process that organizes sensation from one's own body and from the environment and makes it possible to use the body effectively within the environment." 15 Williams et al 16 recently examined the theory of sensory processing dysfunction as a cause for ITW in a review article. This review could not confirm any relationship between ITW and sensory processing dysfunction but concluded that no high-quality studies have been performed that can confirm or exclude a relationship. The theory is interesting since in ASD, the neuropsychiatric disorder with the highest reported degree of toe-walking, the varied symptoms expressed have been proposed to, in part, be due to an atypical use of sensory input to generate movements and interact with others. 17, 18 Overall ITW has been reported in 19% to 63% of children with ASD, 5, 19 and in 40% to 77% of children with a communication/language disorder. 3, 5 We believe that this can be taken as an indicator of some common pathology, possibly affecting sensory input processing and motor feedback among children with ITW only or ITW plus a neuropsychiatric disorder.
We specifically suspected that children with a hyperactivity problem would be overrepresented in our cohort of children with ITW. Children with an ADHD diagnosis have been shown to display problems in all domains of the FTF, and in particular within the domains for: executive functions, learning, social skills, and emotions/behaviour. 20 Our results partly support our hypothesis as increased median scores were found in all domains of the FTF in the study group. In addition, values were significantly higher or approaching significance for key problem subdomains, such as, general learning, coping in learning, and hyperactive/impulsive. The 5 children with a diagnosis of, or who were under investigation of, ADHD in the study population, could only in part account for the elevated scores. Approximate confidence intervals (CI) for the medians of the study group are presented. *Approaching significance (median for norm group on the limit of the confidence interval). wSignificant.
The great majority of children in our study were children that previously had had no contact with the health service because of neuropsychiatric problems, they were merely children referred to a paediatric orthopaedic surgeon due to ITW. Only 2 were diagnosed with ADHD and none of the children had ASD. We did not find this surprising, since, from our personal experience, parents of children with ASD tend to view the toe-walking as a minor problem and often choose to address other problems when seeking medical advice for their child.
The prevalence of ITW in children is about 5% 21 and it seems valid to assume that a substantial portion of the children suffer from neuropsychiatric disorders, and that ASD constitutes a large part of those. Consequently, a limitation of this study is the fact that no children with ASD actively sought medical advice for their ITW, possibly resulting in less significant deviations of the study group from the norm group.
Interestingly, nearly 40% of all the parents and 52% of the parents to the children in the 9-to 12-year age group declared that their child had a motor problem. This could possibly be interpreted as if the parents consider the ITW as a problem per se. This emphasises the need for increased knowledge, both of the natural course of ITW and evidence-based recommendations about treatment.
The most important conclusion that can be drawn from this study is that with a validated screening protocol, children with ITW display an increased prevalence of neuropsychiatric problems over the whole spectrum of neuropsychiatric symptoms. These findings merit future larger studies, studies that ideally should include a more thorough neuropsychiatric and cognitive assessment. Meanwhile, when children with ITW are referred for orthopaedic or neurological assessment, it is important to be aware of this comorbidity. A structured neuropsychiatric history is advisable and further neuropsychiatric investigations should be considered.
